Introduction
Polymorphonuclear neutrophils (PMN) 3 constitute 54% to 70% of circulating white cells in humans and are the cornerstone of the cell-mediated microbicidal activity of innate immunity, phagocytosing and killing damaging pathogens (1) . Neutrophils also play a crucial role in inflammation, and overexuberant activation of these cells may lead to extensive degranulation and release of cytoplasmic granule contents, which may be fatal in septic shock, acute lung injury, and other serious inflammatory disorders (2, 3) .
Central to the physiological role of neutrophils are their three major characteristic cytoplasmic granules, namely primary or azurophil granules, secondary or specific granules and gelatinase-rich tertiary granules (4, 5) , which differ in their respective contents and readiness for mobilization. Azurophil granules, mainly involved in phagocytosis, contain a large number of lytic enzymes and are sluggishly mobilized upon neutrophil activation. Specific and tertiary granules contain several proteins involved in the adhesion and extravasation of human neutrophils, and are prone to fuse with the plasma membrane. Due to the particularly high tendency of tertiary granules to be exocytosed upon neutrophil activation and to their distinctive constituents, mobilization of tertiary granules is suggested to constitute a regulatory mechanism for a number of early functional responses in human neutrophils (6) , including respiratory burst (7, 8) , acidification (9) , adhesion (10, 11) , extravasation (12, 13) , and priming (14) . In addition, neutrophils contain the so-called secretory vesicles (15) , which are also prone to be exocytosed, and, together with secondary and tertiary granules, constitute a reservoir of plasma membrane proteins that are translocated to the cell surface upon neutrophil activation (4, 5) . Thus, there is a hierarchical mobilization of cytoplasmic granules in human neutrophils, which must be tightly regulated to avoid damage to the surrounding tissue if secreted in an uncontrolled manner, and to keep a proper cell function in the surveillance of host organism. A regulated secretory pathway is then critical in human neutrophils, where synthesized products are first stored in distinct cytoplasmic organelles and then released to the extracellular medium or into a phagocytic vacuole when cells are appropriately stimulated. Each store organelle is mobilized towards the cell surface (exocytosis) or to the phagocytic vacuole (phagocytosis) at a distinct speed and kinetics in accordance with the biological function of the organelle products. Regulatory mechanisms underlying mobilization of neutrophil granules are complex and ill-defined, and some molecules involved in this process have only recently begun to be recognized. A number of soluble Nethylmaleimide-sensitive factor attachment protein receptors (SNAREs) have been identified as regulators of granule fusion and exocytosis in human neutrophils (16) (17) (18) (19) .
In addition, neutrophils are rich in low-molecular-mass GTP-binding proteins (20, 21) , including Rab proteins (22) (23) (24) (25) , which have been implicated in the regulation of vesicular traffic in the secretory pathways of several cell types (26) . Rab proteins are
GTPases that form the largest family within the Ras superfamily of small GTPases with more than 60 members in human cells (27, 28) , and promote docking and fusion of vesicles between specific pairs of vesicle donor and acceptor membranes (29) . Rab27a is believed to play a central role in regulated secretion in a wide range of secretory cells (30) (31) (32) and is the first Rab protein that has been shown to be directly associated with a human disease. Mutations of the rab27a gene cause type 2 Griscelli syndrome in humans (33) (34) (35) (36) , a rare autosomal recessive immunodeficiency that results in defects in the transport of at least two types of specialized lysosome-related organelles:
melanosomes in melanocytes and lytic granules in cytotoxic T lymphocytes (27, 37, 38) . Analysis of rab27a-deficient ashen mice (a model for human Griscelli syndrome) has revealed involvement of Rab27a in the vesicle-docking step in a number of secretory cells, including cytotoxic T-lymphocytes (37, 38) and pancreatic β-cells (39).
Type 2 Griscelli syndrome is characterized by impaired melanosome transport, which causes partial albinism of hair and skin, and by immunological abnormalities that are responsible for the poor prognosis of the disease. The capacity of lymphocytes and NK cells from these patients to lyse target cells is impaired or absent, as a result of their inability to secrete the content of their lytic granules (35) (36) (37) . In addition, decreased respiratory burst and chemotaxis responses in neutrophils have been reported in some
Griscelli syndrome patients (34) . Rab27a protein has been recently found to be expressed in human neutrophils (40, 41) , but its subcellular localization and function have not been clearly established. In the present study, we have characterized the expression, subcellular localization and function of Rab27a in human neutrophils by using different experimental approaches, showing the involvement of Rab27a in the exocytosis of tertiary and specific granules in human neutrophils.
Materials and Methods

Antibodies
Anti-Rab27a mouse mAb was purchased from BD Transduction Laboratories (Lexington, KY). Anti-Slp1, anti-Slp2-a, anti-Slp3-a, anti-Slp4-a, anti-Slp5, anti-Slac2-a, anti-Slac2-c, and anti-Rab27b rabbit polyclonal Abs were prepared as described previously (42, 43) . The specificity of each Ab was checked by immunoblotting with recombinant T7-tagged Slp1-5 and Slac2-a/c (or FLAG-tagged Rab27a/b) expressed in COS-7 cells (44). Lack of cross-reaction between Abs to Rab27a and Rab27b was assessed previously (43) . An additional anti-Rab27a rabbit poyclonal Ab was prepared as described previously (45 
Cell culture
The human acute myeloid HL-60 cell line, the promyelocytic leukemia NB4 cell line, as well as the NK-like cell line YT-Indy, were grown in RPMI-1640 medium supplemented with 10% (v/v) heat-inactivated FCS, 2 mM glutamine, 100 units/ml penicillin, and 100 μg/ml streptomycin at 37ºC in a humidified atmosphere of air/CO 2 (19/1). Neutrophil differentiation of HL-60 cell line was induced by adding 1.3% (v/v) DMSO as previously described (47) .
Neutrophil isolation and activation
Neutrophils were obtained from fresh human peripheral blood by dextran sedimentation and Ficoll-Hypaque centrifugation, followed by hypotonic lysis of residual erythrocytes as previously described (48 for 10 min with 100 ng/ml phorbol 12-myristate 13-acetate (PMA). Release of gelatinase, lactoferrin, and peroxidase following neutrophil activation was determined as previously described (6, 9, 12) .
Subcellular fractionation
Resting neutrophils were resuspended in 50 mM Tris-HCl, pH 7.5, containing 2 mM PMSF, and then disrupted by repeated freeze-thaw. Homogenates were centrifuged at 1200 rpm in a Sorvall T 6000D centrifuge for 10 min, and the supernatant, representing the postnuclear extract, was saved. After centrifugation of the postnuclear extract at 45000 rpm in a TLA rotor for 90 minutes at 4°C using an Optima TL Ultracentrifuge (Beckman Instruments, Palo Alto, CA), supernatant (soluble fraction) and pellet (membrane fraction), resuspended in 50 mM Tris-HCl, pH 7.5, containing 2 mM PMSF, were saved.
To prepare the distinct subcellular fractions, freshly prepared neutrophils (~3-6 x 10 8 ) were gently disrupted as described previously (7, 9) , and the postnuclear fraction (6-ml) was layered onto a 27-ml, 15-40% (w/w) continuous sucrose gradient, with a 1-ml cushion of 60% (w/w) sucrose, and centrifuged at 25000 rpm in a Beckman L8-70B ultracentrifuge using a SW27 rotor (16) . Fractions (4-ml each, save fraction 1-cytosol-, 6-ml) were collected by pumping 60% (w/w) sucrose into the bottom, and 2 mM PMSF was added at each fraction. Subcellular fractions were assayed for marker proteins, namely lactate dehydrogenase (cytosol), HLA (plasma membrane), latent alkaline phosphatase (secretory vesicles), gelatinase (tertiary granules), lactoferrin (specific granules) and peroxidase (azurophil granules) as described previously (17) . Secretory vesicles were not resolved from the plasma membrane under the fractionation conditions used (7, 16) . Membranes from each fraction were obtained by diluting the fractions with 50 mM Tris-HCl, pH 8.0, 100 mM NaCl and centrifugation at 45000 rpm for 90 min at 4ºC using a 70 Ti type rotor (Beckman Instruments). Pellets were then resuspended in 50 mM Tris-HCl, pH 7.5, containing 2 mM PMSF, and stored at -20ºC until use.
Western blotting and immunoprecipitation
Proteins were separated by SDS-7.5%, SDS-10% or SDS-14% polyacrylamide gels and then immunoblotted (17) . After blocking for 3 h at room temperature in 4% powdered defatted milk in TBS buffer (50 mM Tris-HCl, pH 8.0, 150 mM NaCl) containing 0.05% Tween 20, blots were incubated overnight with the respective primary Abs, and then Ab reactivity was monitored with biotinylated anti-mouse IgG or anti-rabbit IgG and streptavidin-horseradish peroxidase conjugate, using an enhanced chemiluminescence detection system (Amersham). Immunoprecipitation assays were conducted from solubilized and biotinylated proteins as described previously (49) .
Electropermeabilization and immunofluorescence flow cytometry
Neutrophils were permeabilized immediately before use as reported previously (16, 50, 51) . In brief, 5 × 10 6 cells were washed with PBS, resuspended in 0.5 ml of ice-cold electropermeabilization buffer (120 mM KCl, 10 mM NaCl, 1 mM KH 2 PO 4 , 20 mM HEPES, pH 7.0), transferred to a BTX cuvette and subjected to two discharges of 5 kV/cm, 25 µF and 72 Ω using a BTX electroporator (Biotechnologies & Experimental
Research, San Diego, CA). The cells were stirred gently between the two pulses, using a plastic pipette. Permeabilized cells were immediately transferred to plastic tubes containing buffer or the Abs used in the study, and incubated for 5 min at room temperature to allow incorporation of Abs into electroporated neutrophils.
Electropermeabilized neutrophils were then incubated for 5 min with 5 µg/ml cytochalasin B at 37°C, followed by stimulation with 1 µM Ca 2+ (0.1 mM CaCl 2 , 5.37 mM MgCl 2 , 5 mM hydroethyl EDTA, 10 mM glucose) and 50 µM GTP-γ-S for 10 min at 37ºC. The free Ca 2+ concentration was checked by Fura-2 measurement. In some cases, cells were stimulated by incubation with 100 ng/ml PMA for 10 min at 37°C without cytochalasin B pretreatment. Cells were then placed on ice, fixed with 1% paraformaldehyde and processed for immunofluorescence flow cytometry. Control untreated electropermeabilized cells were run in parallel. Antigen cell surface expression was measured in paraformaldehyde-fixed neutrophils as described previously (16) using a BD Biosciences FACScalibur flow cytometer.
RT-PCR
Total RNA (5 μg), primed with oligo-dT, was reverse-transcribed into cDNA at 37ºC 
Immunoelectron microscopy
Resting human neutrophils were fixed for 24 h in 2% paraformaldehyde in 0.1M PHEM buffer (60 mM PIPES, 25 mM HEPES, 2 mM MgCl 2 , 10 mM EGTA, pH 6.9) and then processed for ultrathin cryosectioning as previously described (52) . Forty-fivenanometer cryosections were cut at -120ºC using diamond knives (Drukker International B.V., Cuijk, The Netherlands) in an ultracryomicrotome (Leica, Vienna, Austria) and transferred with a mixture of sucrose and methylcellulose onto formvarcoated copper grids (53) . The grids were placed on 35-mm petri dishes containing 2%
gelatin. For double immunolabeling, the procedure described by Slot et 
Statistical analysis
Statistical evaluation of the effect of anti-Rab27a Ab on neutrophil secretion was performed by Students's t-test. The criterion for statistical significance was taken as p < 0.05.
Results
Rab27a expression in human neutrophils
By using different sets of primers ( Table 1 ) we found that human peripheral blood neutrophils expressed rab27a mRNA by RT-PCR ( Fig. 1 ) and subsequent sequencing, whereas the level of rab27b transcripts was negligible (data not shown). Two consecutive PCR runs were required to scarcely detect rab27b amplification.
Subsequent cloning and sequencing of the respective amplicons confirmed that both rab27 isoforms were expressed, but as indicated above at very different levels. Rab27a mRNA was also readily detectable in the NK-like cell line YT-Indy (Fig. 1) , the human acute myeloid HL-60 cell line and the human promyelocytic cell line NB4 (data not shown), but rab27b mRNA expression was absent in these cell types. In agreement with the RT-PCR data, we found that human neutrophils contained high amounts of Rab27a protein, whereas the level of Rab27b protein was much lower (Fig. 2) . Rab27b protein was only detected after protracted autoradiogram exposure ( Fig. 2A) . Thus, these data indicate that Rab27a is the predominant isoform expressed in human neutrophils. The use of both a very specific anti-Rab27a mAb (Fig. 2 ) and a rabbit polyclonal Ab against Rab27a (Fig. 3A) detected this protein as a band of 27-29 kDa. Interestingly, Rab27a expression was particularly high in human neutrophils when compared to other rab27a-expressing cells (Fig. 3A) . The HL-60 cell line has been largely used a cell culture model for human neutrophils (47) . The expression of Rab27a was increased during differentiation of HL-60 cells with DMSO towards neutrophils (Fig. 3B) . These results
show that human neutrophils express high levels of Rab27a, suggesting a major role of this protein in mature neutrophils.
Subcellular localization of Rab27a in resting and activated human neutrophils
Two different specific anti-Rab27a Abs (a mAb and a rabbit polyclonal Ab), recognized a band of about 27-29 kDa in the postnuclear extract and in the membrane fraction of human neutrophils, but not in the soluble fraction containing the cytosol (Fig. 4A, and data not shown), indicating that Rab27a was membrane-bound. To determine the subcellular localization of Rab27a in resting human neutrophils, we performed subcellular fractionation assays that resolved cytosol, plasma membrane, as well as tertiary, specific and azurophil granules (Fig. 4B ). Under these experimental conditions, secretory vesicles, identified by latent alkaline phosphatase, were not resolved from the plasma membrane (7, 16) . We found that Rab27a was located mainly in the membranes prepared from subcellular fractions 4-6, enriched in tertiary and specific granules, with a minor location in fraction 8, enriched in azurophil granules (Fig. 4C) . When human neutrophils were activated with PMA that released tertiary and specific granules (81% gelatinase and 68% lactoferrin secretion, respectively), but not primary granules (less than 5% secretion) (6, 7, 17) , the tertiary/specific granule location of Rab27a was translocated to the plasma membrane (fraction 2), whereas the azurophil granule-located Rab27a remained in the last fraction (fraction 8) of the subcellular fractionation (Fig.   4C ). A comparison of the subcellular fractionation distribution of Rab27a in resting neutrophils (Fig. 4C) suggests that Rab27a is slightly more abundant in tertiary granules (fractions 4-5) than in specific granules (fractions 5-6).
Ultrastructural localization of Rab27a in human neutrophils
To get a better insight on the subcellular localization of Rab27a, resting neutrophils were immunolabeled for Rab27a and analyzed by immunogold electron microscopy.
Gold label was detected predominantly on the membrane of some granules (Fig. 5A) . A small amount of gold label was found in vesicles and Golgi (Fig. 5A ), that could be related to the low macromolecule synthesis capacity displayed by these cells (55, 56) .
Quantitation of the relative percentage of gold particles in the distinct subcellular structures of neutrophils showed that most of Rab27a was located in granules (66.4%), with a minor proportion in vesicles (31.6%) and a very low amount on plasma membrane (2.0%). To further identify the Rab27a-positive vesicles, we double labeled neutrophils with Abs against anti-Rab27a and anti-CD35, this latter as a marker for secretory vesicles. CD35 was present in both vesicles and plasma membrane (Fig. 5B) as a result of the endocytic origin of these secretory vesicles together with their proneness to be secreted (57) . Granules positive for Rab27a (small gold particles, arrows in Fig. 5B ) were devoid of CD35 labeling, and no CD35-rich vesicles were positive for Rab27a (Fig. 5B) . After counting 200 positive vesicles, we found 54% of them were labeled only for CD35, 41% labeled only for Rab27a and 5% labeled for both CD35 and Rab27a. These data agree with our above subcellular fractionation analysis and indicate that Rab27a is largely absent from CD35-and latent alkaline phosphatase-rich secretory vesicles. Cryosections of resting human neutrophils were also double labeled with Abs against Rab27a and markers for the different cytoplasmic granules, namely gelatinase (tertiary granules), lactoferrin (specific granules), or myeloperoxidase (azurophil granules), and analyzed by immunogold electron microscopy. Interestingly, Rab27a was mainly located on the membrane of tertiary and specific granules, with a minor presence in myeloperoxidase-positive granules (Fig. 6, A-C). The degree of colocalization of Rab27a with the distinct granule markers is shown in Fig. 6D , after analyzing at least 300 positive granules for Rab27a. Because labeling with anti-Rab27a Ab was weaker than labeling with the corresponding granule markers and only one section was examined for each granule, we analyzed colocalization only in Rab27a-positive granules in order to avoid that the less abundant granule constituent, i.e. Rab27a, could be missed in a particular section of the same
granule. These results demonstrate the presence of Rab27a in both tertiary and specific granules, which are readily exocytosed upon cell activation, with a minor location in azurophil granules. Rab27a was more abundant in tertiary granules than in specific granules, about 80% of the Rab27a-positive granules were also enriched in gelatinase (Fig. 6D) . Thus, our results suggest that practically all the tertiary granules contain Rab27a in their membranes.
Involvement of Rab27a in neutrophil exocytosis
We next analyzed whether Rab27a has a functional role in neutrophil exocytosis.
Human mature neutrophils are non-dividing end cells with poor survival after isolation and show a low macromolecule biosynthesis capacity (47, 55, 58, 59 (16, 51) . This method has been previously shown to monitor efficiently neutrophil degranulation in electropermeabilized neutrophils (16-18, 50, 51) . Following paraformaldehyde fixation of electropermeabilized neutrophils, we monitored the expression of both CD63 and CD66b only at the cell surface, allowing us to determine neutrophil degranulation (16) . Upregulation of CD63 parallels secretion of azurophil granules, whereas CD66b upregulation parallels secretion of both tertiary and specific granules (17) . Incubation of electropermeabilized neutrophils with anti-Rab27a
Abs largely inhibited CD66b upregulation (≅70% inhibition, p < 0.01) after cell activation with Ca 2+ and GTP-γ-S, whereas the effect on CD63 upregulation was rather low (≅20% inhibition) (Fig. 7A ) and was not statistically significant (p > 0.05). PMA induced secretion of only tertiary and specific granules, but not of azurophil granules, in electropermeabilized neutrophils (Mollinedo, F. and Martin-Martin, B., unpublished observations), and we found that preincubation of human neutrophils with anti-Rab27a
Abs led to a high inhibition of the CD66b upregulation (≅76% inhibition, p < 0.01) induced by PMA (Fig. 7B) . Incubation of electropermeabilized neutrophils with an unrelated and irrelevant Ab, such as anti-CD20 mAb, or with P3X63 myeloma culture supernatant or rabbit preimmune serum, used as a negative controls, had no effect on neutrophil degranulation (Fig. 7) . These data indicate that anti-Rab27a Ab inhibits secretion of CD66b-containing tertiary and specific granules.
Expression of Slp/Slac2 proteins in human neutrophils
Rab proteins promote membrane trafficking through interaction of the GTP-bound form of Rab with specific effector molecules (26) . To date, a group of Rab27 effectors, collectively named Slp/Slac2 or exophilins, have been identified that share a common N-terminal homologous Rab-binding region (31, 32, 62) . Despite Rab27a protein was readily detectable in neutrophil extracts (Figs. 2 and 3 ), we were unable to detect Slp/Slac2 proteins in human neutrophils (Fig. 8A ). Under our immunoblot conditions (Fig. 8, A and B) , neither Slp nor Slac2 proteins were detected in human neutrophils, suggesting that additional Rab27 effectors other than Slp/Slac2 proteins may function in human neutrophils. RT-PCR, followed by sequencing, as well as immunoprecipitation assays allowed identification of Slp1 (or JFC1) and Slp3-a in human neutrophils (Fig. 8, C and D). This agrees with the previously reported expression of JFC1 in human neutrophils (63) . Overall, our data suggest that neutrophils are rather deficient in most Slp/Slac2 proteins, or express very low amounts of these proteins.
Discussion
The data reported here demonstrate that Rab27a is present in tertiary and specific granules of human neutrophils, and it regulates their secretion upon cell activation. Our ultrastructural and biochemical data indicate that tertiary granules are particularly enriched in Rab27a. A minor location of Rab27a is found in the azurophil granules, where it hardly affects their mobilization. The isoform Rab27b is also expressed in human neutrophils, but at a much lower extent than Rab27a. Thus, Rab27a protein is the predominant isoform in neutrophils, where it is highly expressed. Our data agree with a recent proteomic analysis of the three major neutrophil granules that showed a higher presence of Rab27a in gelatinase granules, albeit it could be detected in the three major granule populations (40) . A very recent report has claimed that Rab27a is distributed mainly in a minor population of myeloperoxidase-containing granules that were assumed to be azurophil granules (41) . However, a close examination of the results reported by Munafo et al. (41) showed that Rab27a was mainly present in low-density granules, enriched in VAMP-2 and readily exocytosed upon PMA stimulation. These latter features correspond more likely to tertiary and specific granules, which are lowdensity organelles (4, 5) , are enriched in VAMP-2 (17), and are readily secreted following PMA activation (6, 7, 17) . In contrast, azurophil granules are high-density granules, do not contain VAMP-2 and are not mobilized after PMA incubation (4) (5) (6) (7) 17) . At the first identification of tertiary granules as a novel entity (8) , it became apparent that they contained low levels of some azurophil granule markers, and this might explain the above claim for the presence of Rab27a in low-density myeloperoxidase-containing granules. Our present findings, together with previous reported evidences, indicate that Rab27a is abundantly expressed in human neutrophils, with a predominant location in specific and, above all, gelatinase-rich tertiary granules, and regulates the exocytosis of these granules. Interestingly, we did not find Rab27a in the CD35-rich secretory vesicles, which have been previously reported to contain Rabs 3a, 4, and 5a (24), thus suggesting a rather selective role of Rab27a in the secretion of particular human neutrophil granules.
Tertiary and specific granules are readily mobilized at the early stages of neutrophil activation, and they might be so-called secretory granules, in contrast to azurophil granules, which are sluggishly mobilized following neutrophil activation and are more involved in phagocytosis. The rapid mobilization of tertiary and specific granules upon cell activation, together with their characteristic protein constituents involved in diapedesis, chemotaxis and superoxide anion generation, suggest a major role of these two granules in the early stages of neutrophil activation and inflammation (6, 12, 14) . Thus, the role of Rab27a in the exocytosis of tertiary and specific granules might explain the reported defects in respiratory burst and chemotaxis in some type 2
Griscelli syndrome patients (34).
We found that Rab27a was upregulated during neutrophil differentiation of HL-60 cells. However, HL-60 cells do not form specific and tertiary granules during neutrophil differentiation (60, 64) , despite they retain the ability to express a number of proteins typically located in these organelles in mature neutrophils when driven into granulocytic maturation (17, 18, 65) . In this regard, the expression of Rab27a during We found that the GTP-binding Rab27a was membrane-bound in human neutrophils, which is in agreement with its usual membrane localization through geranylgeranylation (66, 67) . The involvement of Rab27a in the regulated exocytosis of lysosome-related organelles and secretory granules is dependent on its interaction with a wide array of effectors (31, 32) , most of them are classified within the collective name of Slp/Slac2 proteins or exophilins, that share an N-terminal Rab27a-binding region (31, 32, 62) . However, we failed to detect expression of most Slp/Slac2 proteins, except Slp1
(JFC1) and Slp3-a, in human neutrophils. Nevertheless, expression of Slp1/JFC1 and Slp3-a was scarce, and they were only detected by RT-PCR or immunoprecipitation.
Slp1/JFC1 has been previously identified in neutrophils and assigned to play a role in the respiratory burst of neutrophils (63) . In addition, Slp1/JFC1 was found to coimmunoprecipitate with Rab27a in human neutrophil lysates (41) . These results might agree with a predominant location of Rab27a in tertiary granules as these organelles are enriched in the cytochrome b required for superoxide anion generation (8) , and they are readily mobilized to the plasma membrane where Slp1/JFC1 has been located (63) . In this regard, fusion of tertiary granules with plasma membrane primes neutrophils for respiratory burst (14) . However, the lack of correlation between the relatively high abundance of Rab27a and the low expression of Slp/Slac2 proteins suggests that additional proteins should act as Rab27a effectors in human neutrophils. Rab proteins have been suggested to interact with SNARE proteins to ensure appropriate membrane fusion processes (68) (69) (70) . This could be an attractive possibility as human neutrophils express a high number of SNARE proteins (16-19, 48, 71, 72) (76) (77) (78) , but this remains to be elucidated.
Rab27a is expressed in a broad range of specialized secretory cells, including exocrine, endocrine, ovarian, and hematopoietic cells, most of which undergo regulated exocytosis (30, (79) (80) (81) . The regulation of the secretion of tertiary and specific granules by Rab27a reported here suggests a major role for Rab27a in inflammation. Our present data, together with the rather widespread presence of Rab27a in cells of the immune system (38, 74) , suggest that Rab27a is a key player in secretory processes occurring in both innate and adaptative immune systems. The present findings on the role of Rab27a in the regulation of the exocytosis of tertiary and specific granules in human neutrophils might explain, at least in part, some of the clinical manifestations of type 2 Griscelli syndrome regarding defects in neutrophil function. For each experiment at least 300 positive granules were analyzed. 
